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(57) ABSTRACT 

Embodiments of the invention include a medical device for 
accessing a patient's body portion and used for diagnosis and 
treatment of medical conditions. Embodiments of the inven 
tion may include a particular endoscopic positioning mecha 
nism for placing an endoscope and an additional treatment 
device within desired body portions in order to assist in diag 
nosis and treatment of anatomical diseases and disorders. In 
particular, a medical device according to an embodiment of 
the invention may include an outer flexible tube and a posi 
tioning mechanism configured for rotating one portion of the 
flexible tube relative to another portion of the flexible tube. 
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MEDICAL DEVICE POSITONING SYSTEM 

FIELD OF THE INVENTION 

0001. The invention relates to an endoscope system for 
accessing a patient's body portion and used for diagnosis and 
treatment of medical conditions. For example, embodiments 
of the invention may include a particular endoscopic posi 
tioning mechanism for placing an endoscope and an addi 
tional treatment device within desired body portions in order 
to assist in diagnosis and treatment of anatomical diseases 
and disorders. 

BACKGROUND OF THE INVENTION 

0002 Endoscopes for medical use have been adopted for 
various diagnostic and medical treatment procedures. Endo 
Scopes have been used for the diagnosis and treatment of a 
wide range of diseases and disorders that often require a 
physician to access the tortuous and relatively small cross 
sectional areas of a patient's internal anatomical body 
lumens. A patient's pancreaticobiliary system (including the 
anatomical regions of the gall bladder, pancreas, and the 
biliary tree), for example, is accessed for diagnosis, and/or 
treatment of disorders of certain portions of the digestive 
system. 
0003. During treatment of the digestive system, endo 
Scopes are often used to access and visualize a patient's pan 
creaticobiliary system. Once the endoscope is positioned in 
the desired body portion, a treatment instrument can be 
advanced through the working channel of the endoscope to 
the desired body portion. The endoscope and treatment 
instrument may then be manipulated as desired for visualiza 
tion and treatment respectively. 
0004 Endoscopic retrograde cholangiopancreatography 
(ERCP) is one example of a medical procedure that uses an 
endoscope. ERCP enables the physician to diagnose prob 
lems in the liver, gallbladder, bile ducts, and pancreas. The 
liver is a large organ that, among other things, makes a liquid 
called bile that helps with digestion. The gallbladder is a 
Small, pear-shaped organ that stores bile until it is needed for 
digestion. The bile ducts are tubes that carry bile from the 
liver to the gallbladder and small intestine. These ducts are 
Sometimes called the biliary tree. The pancreas is a large 
gland that produces chemicals that help with digestion and 
hormones such as insulin. 
0005. The biliary system delivers bile produced by the 
liver to the duodenum where the bile assists other gastric 
fluids indigesting food. The biliary system includes the liver, 
as well as a plurality of bodily channels and organs that are 
disposed between the liver and the duodenum. Within the 
liver lobules, there are many fine “bile canals' that receive 
secretions from the hepatic cells. The canals of neighboring 
lobules unite to form larger ducts, and these converge to 
become the “hepatic ducts.” They merge, in turn, to form the 
“common hepatic duct.” The “common bile duct” is formed 
by the union of the common hepatic and the cystic ducts. It 
leads to the duodenum, where its exit is guarded by a sphinc 
ter muscle. This sphincter normally remains contracted until 
the bile is needed, so that bile collects in the common bile duct 
and backs up to the cystic duct. When this happens, the bile 
flows into the gallbladder and is stored there. 
0006 ERCP is used primarily to diagnose and treat con 
ditions of the bile ducts, including gallstones, inflammatory 
strictures (Scars), leaks (from trauma and Surgery), and can 
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cer. ERCP combines the use of X-rays and an endoscope. 
Through the endoscope, the physician can see the inside of 
the stomach and duodenum, and inject dyes into the ducts in 
the biliary tree and pancreas so they can be seen on X-rays. 
0007. An ERCP is performed primarily to identify and/or 
correct a problem in the bile ducts or pancreas. For example, 
if a gallstone is found during the exam, it can often be 
removed by means of a treatment instrument, eliminating the 
need for major Surgery. If a blockage in the bile duct causes 
yellow jaundice or pain, it can be relieved through the use of 
a treatment instrument inserted through the endoscope. 
0008 Since endoscopes are often used to access the tortu 
ous and relatively small cross-sectional areas of a patient's 
internal anatomical body lumens, repeated manipulation and 
positioning of an endoscope during a medical procedure can 
cause problematic side-effects. For example, repeated 
manipulation and positioning of the endoscope can cause 
unnecessary trauma to a patient's internal tissues. Improper 
placement and repeated attempts to access a desired treatment 
region can exacerbate tissue trauma as well as unnecessarily 
prolong the medical procedure. According, there is a need for 
more precise endoscope manipulation as well as manipulat 
ing an underlying treatment instrument through an access 
channel of an endoscope. 
0009. Thus, it is desirable to have an endoscope assembly 
that can more precisely access the tortuous and relatively 
Small cross-sectional areas of certain anatomical body 
lumens, and more precisely manipulate a treatment device 
provided within an access channel of an endoscope. 

SUMMARY OF THE INVENTION 

00.10 Embodiments of the present invention are directed 
to an improved endoscope system and a positioning device 
for manipulating a treatment device that obviates one or more 
of the limitations and disadvantages of prior medical devices. 
0011. In one embodiment, a medical device comprises an 
elongated flexible tube defining a longitudinal axis and 
including aproximal portion and a distal portion connected to 
the proximal portion by a joint. The flexible tube defines a 
lumen extending through the proximal portion and the distal 
portion and leading to an opening at the distal end of the 
flexible tube. The distal portion rotates relative to the proxi 
mal portion. 
0012. In various embodiments, the device may include 
one or more of the following additional features: wherein the 
opening is disposed along an exterior side Surface of the distal 
portion, and the lumen extends distally within the distal por 
tion and curves to terminate at the opening; wherein the 
lumen is configured to receive a treatment instrument therein 
that can extend through the opening during a medical proce 
dure; wherein the lumen is configured to receive a treatment 
instrument therein that can extend through the opening when 
the distal portion is rotated relative to the proximal portion; 
wherein the joint comprises a bearing; wherein the joint is 
more flexible than both the distal and proximal portions of the 
flexible tube; wherein a second lumen is defined within the 
proximal portion and houses a torque transfer element 
therein; wherein a cavity is defined within the distal portion 
and extends distally within the distal portion, the cavity 
receiving a distal portion of the torque transfer element that 
extends distally beyond the second lumen; wherein the torque 
transfer element comprises a shaft extending distally to a gear 
arrangement in the distal portion, such that when torque is 
applied to the shaft, rotary motion is transferred to rotate the 
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distal portion relative to the proximal portion; wherein rota 
tion of the torque transfer element transmits rotary motion to 
the distal portion, and wherein the cavity is sized to permit 
rotation of the distal portion in an amount less than 360 
degrees relative to the proximal portion; wherein the cavity 
exhibits an arc shape having a constant radius of curvature 
Such that during rotation of the distal portion, the torque 
transfer element remains spaced a constant distance from a 
center of the elongated flexible tube; wherein stops bound the 
cavity to prevent rotation of the distal portion beyond a pre 
determined angle; wherein the lumen of the proximal portion 
is centrally located within the proximal portion; wherein a 
distal end of the lumen in the proximal portion communicates 
with a proximal portion of the lumen in the distal portion; 
wherein the lumen in the proximal portion communicates 
with the lumen in the distal portion through an aperture within 
the joint; wherein a proximal portion of the lumen of the distal 
portion is centrally located within the distal portion; wherein 
visualization and illumination components are provided 
within the lumen of the proximal portion and the distal por 
tion; wherein the joint comprises a planetary gear system; 
wherein the planetary gear system includes a Sun gear, at least 
one planet gear, a ring gear, and a carrier, wherein an exterior 
Surface of the ring gear forms an exterior Surface of the joint 
along an exterior surface of the medical device; wherein the 
joint is integrated with the distal portion; wherein the lumen 
of the flexible tube extends through an aperture provided 
through the planetary gear system; wherein the Sun gear is 
grounded through connection to the proximal portion such 
that rotation of the carrier results in rotation of the ring gear 
and the distal portion; wherein the carrier is grounded through 
connection to the proximal portion Such that rotation of the 
Sun gear results in rotation of the ring gear and the distal 
portion; wherein the planetary gear system is configured to 
rotate the distal portion relative to the proximal portion 
through at least 360 degrees; wherein the joint is comprised of 
a helical groove provided on an interior Surface of the proxi 
mal portion and an engagement pin provided on the distal 
portion, the engagement pin being configured for engage 
ment with the helical groove such that forward displacement 
of the distal portion relative to the proximal portion results in 
rotation of the distal portion relative to the proximal portion; 
wherein the helical groove terminates at a proximal end in a 
linear groove provided on an interior Surface of the proximal 
portion; wherein the linear groove terminates in an engage 
ment section configured to releasably engage the engagement 
pin; wherein the engagement section comprises an interfer 
ence fit connection; wherein the distal portion is configured to 
rotate relative to the proximal portion through at least 360 
degrees; wherein rotation of the distal portion relative to the 
proximal portion is limited to a range of about 0-30 degrees; 
and wherein rotation of the distal portion relative to the proxi 
mal portion is limited to a range of about 0-20 degrees. 
0013 Another embodiment is directed to a method of 
positioning a treatment instrument in a body. The method 
comprises providing a medical device comprising: an elon 
gated flexible tube defining a longitudinal axis and including 
a distal end and a proximal end, the flexible tube including a 
proximal portion and a distal portion connected to the proxi 
mal portion by a joint. The flexible tube defines a lumen 
extending through the proximal portion and the distal portion 
and leading to an opening at the distal end of the flexible tube. 
The method further includes inserting the medical device into 
an anatomical lumen of the body; inserting a treatment instru 
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ment through the lumen of the proximal portion and through 
the lumen of the distal portion; and positioning the treatment 
instrument by rotating the distal portion relative to the proxi 
mal portion. 
0014. In various embodiments, the method may include 
one or more of the following additional features: extending 
the treatment instrument through the lumen of the distal por 
tion and out of the opening of the medical device into the 
anatomical lumen; wherein the medical device houses a shaft 
for transferring rotary motion to the distal portion Such that 
when torque is applied to shaft, rotary motion is transferred to 
rotate the distal portion relative to the proximal portion; 
retracting the treatment instrument into the medical device, 
repositioning the medical device within the anatomical 
lumen, applying torque to the shaft to rotate the distal portion, 
and extending the treatment instrument through the opening; 
wherein the treatment instrument is positioned within a bile 
duct during an ERCP procedure; wherein the joint comprises 
a bearing; wherein the distal portion is rotated 180 degrees 
relative to the proximal portion; wherein the opening is dis 
posed along an exterior side Surface of the distal portion, and 
the lumen extends distally within the distal portion and curves 
to terminate at the opening; wherein the joint is more flexible 
than both the distal and proximal portions of the flexible tube: 
wherein the lumen of the proximal portion is centrally located 
within the proximal portion; wherein a distal end of the lumen 
in the proximal portion communicates with a proximal por 
tion of the lumen in the distal portion; wherein the lumen in 
the proximal portion communicates with the lumen in the 
distal portion through an aperture within the joint, wherein a 
proximal portion of the lumen of the distal portion is centrally 
located within the distal portion; wherein a second lumen is 
defined within the proximal portion and houses a torque 
transfer element therein and wherein a cavity is defined 
within the distal portion and extends distally within the distal 
portion, the cavity receiving a distal portion of the torque 
transfer element that extends distally beyond the second 
lumen; wherein rotation of the torque transfer element trans 
mits rotary motion to the distal portion, and wherein the 
cavity is sized to permit rotation of the distal portion in an 
amountless than 360 degrees relative to the proximal portion; 
wherein the cavity exhibits an arc shape having a constant 
radius of curvature such that during rotation of the distal 
portion, the torque transfer element remains spaced a constant 
distance from a center of the elongated flexible tube; wherein 
stops bound the cavity to prevent rotation of the distal portion 
beyond a predetermined angle; wherein the joint comprises a 
planetary gear system including a Sun gear, at least one planet 
gear, a ring gear, and a carrier, and wherein rotating the distal 
portion relative to the proximal portion comprises rotating the 
Sun gear relative to the carrier, wherein the joint comprises a 
planetary gear system including a Sun gear, at least one planet 
gear, a ring gear, and a carrier, and wherein rotating the distal 
portion relative to the proximal portion comprises rotating the 
carrier relative to the Sun gear; and wherein the joint is com 
prised of a helical groove provided on an interior Surface of 
the proximal portion and an engagement pin provided on the 
distal portion, the engagement pin being configured for 
engagement with the helical groove and wherein rotating the 
distal portion relative to the proximal portion comprises for 
wardly displacing the distal portion relative to the proximal 
portion. 
0015. Additional objects and advantages of the invention 
will be set forth in part in the description which follows, and 
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in part will be obvious from the description, or may be learned 
by practice of the invention. The objects and advantages of the 
invention will be realized and attained by means of the ele 
ments and combinations particularly pointed out in the 
appended claims. 
0016. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory only and are not restrictive of the inven 
tion, as claimed. 
0.017. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
several embodiments of the invention and together with the 
description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a perspective view of a prior art endoscope 
system. 
0019 FIG. 2 is cross-sectional view of a distal portion of 
an endoscope according to an embodiment of the present 
invention. 
0020 FIG. 3 is a perspective view of components of an 
endoscope positioning mechanism according to an embodi 
ment of the present invention. 
0021 FIG. 4 is a cross-sectional view of an endoscope 
taken along line 4-4 in FIG. 2. 
0022 FIG. 5 is a cross-sectional view of an endoscope 
taken along line 5-5 in FIG. 2. 
0023 FIG. 6A is a perspective view of a distal part of an 
endoscope according to an embodiment of the present inven 
tion. 
0024 FIG. 6B is a perspective view of a distal part of an 
endoscope according to an embodiment of the present inven 
tion. 
0025 FIG. 7 illustrates a cross-sectional view of a joint in 
an endoscope positioning mechanism, according to another 
embodiment of the invention. 
0026 FIG. 8A depicts a partially exploded perspective 
view of a distal and proximal portion of an endoscope posi 
tioning mechanism, according to another embodiment of the 
invention. 
0027 FIG. 8B depicts a side view of an assembled endo 
scope from FIG. 8A illustrated prior to rotation of a rotating 
portion. 
0028 FIG. 8C depicts a side view of an assembled endo 
scope from FIG. 8A illustrated during rotation of a rotating 
portion. 
0029 FIG. 9 illustrates the positioning of an endoscope 
and treatment device within a patient's body portion. 

DESCRIPTION OF THE EMBODIMENTS 

0030 Reference will now be made in detail to the exem 
plary embodiments of the invention, examples of which are 
illustrated in the accompanying drawings. Wherever pos 
sible, the same reference numbers will be used throughout the 
drawings to refer to the same or like parts. The drawing 
figures of this application are intended to provide a general 
understanding of the working elements of the underlying 
system. Accordingly, unless explicitly stated, the figures do 
not represent a literal depiction of proportional dimensions or 
the precise locations for the illustrated inter-related compo 
nentS. 

0031. According to exemplary embodiments, the inven 
tion relates to a medical device for positioning a treatment 

Sep. 23, 2010 

device and/or viewing a patient's internal body portion. In 
embodiments that use a treatment device in an endoscopic 
medical procedure, the treatment device can be advanced 
through a working channel of an endoscope, including an 
endoscope specifically designed and/or sized for use with the 
treatment device, and into a tissue tract. For purposes of this 
disclosure, “treatment device' or “treatment instrument’ 
includes, for example, any working medical device advanced 
through a working channel of an endoscope and for use dur 
ing an endoscopic procedure. Exemplary treatment instru 
ments include, but are not limited to, guide wires, cutting or 
grasping forceps, biopsy devices, Snare loops, injection 
needles, cutting blades, Scissors, retractable baskets, retrieval 
devices, ablation and/or electrophysiology catheters, stent 
placement devices, Surgical stapling devices, and balloon 
catheters. 

0032 FIG. 1 illustrates a known endoscope system. For 
purposes of this disclosure, “distal refers to the end further 
from the device operator during use and “proximal' refers to 
the end closer to the device operator during use. FIG. 1 
depicts an endoscope 10 including a flexible outer tube 12 
extending between a distal end 14 and a proximal end 16 of 
the device. Endoscope 10 includes a treatment device inser 
tion port 11 for receiving a treatment device 20 into a working 
channel of the endoscope 10. The distal end 14 of the endo 
Scope system 10 includes a side facing operation window 18 
that can include visualization and lighting components for 
viewing during a treatment procedure. In addition, a working 
channel (not shown) extends within the endoscope 10 and 
terminates at the operation window 18, thereby allowing the 
treatment instrument 20 to be extended from the distal end of 
the endoscope 10. The extension of the treatment instrument 
20 at a desired treatment site can be then be viewed through 
the visualization components, which transmit images to the 
proximal end of the endoscope 10, as in known in the art. 
While FIG. 1 illustrates a side facing operation window 18, 
both front/forward facing and oblique/intermediate angled 
windows are known. 

0033 FIG. 2 illustrates a cross-sectional view of a distal 
portion of an endoscope system 10' according to an exem 
plary embodiment. Endoscope system 10' includes an outer 
flexible tube 12", which extends distally from a handle (not 
shown) at the proximal end of the system. A joint 22 connects 
a rotating portion 24 of endoscope 10' to a remaining proxi 
mal portion 26 of the endoscope 10'. Joint 22, for example, 
can beformed of an anti-friction bearing mechanism, Such as, 
a roller bearing, a ball bearing mechanism, or a magnetic 
bearing. Alternatively or additionally, joint 22 may be a por 
tion of tube 12" that is much more flexible than the portions of 
tube 12' that comprise portions 24, 26 of endoscope 10'. That 
flexible joint 22 permits a certain degree of rotation about a 
longitudinal axis of endoscope 10' and tube 12" at joint 22. For 
example, rotation may be up to 270 degrees. In addition, joint 
22 may be integrally manufactured with the other portions 24, 
26 of endoscope 10' or joint 22 may be a discrete component 
that attaches portion 24 to portion 26. As another example, 
joint 22 could be comprised of an arrangement of two ring 
gears, one inside the other at joint 22 Such that external teeth 
of an internal ring rear engage and transmit rotational force to 
internal teeth of a complementary external ring gear. 
0034. Through this arrangement (e.g., a joint between por 
tions 24 and 26) rotating portion 24 is configured for rotation 
relative to proximal portion 26. That rotation is about a lon 
gitudinal axis of endoscope 10' and tube 12'. Joint 22 should 
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be configured in a fluid-tight arrangement in order to prevent 
contamination and corrosion of the internal components of 
endoscope 10" due to contact within a patient’s internal body 
fluids. 
0035. Other mechanisms may be used for rotating portion 
24 relative to portion 26. For example, a number of pull wires 
wrapped around a spool could rotate portion 24. Additional 
examples include, but are not limited to electronic actuators, 
Such as a stepper motor, cam drivers, a worm gear arrange 
ment, or a pull wire system comprising a pulley type arrange 
ment. 

0036 Although not depicted in the accompanying draw 
ing figures, it is contemplated that the endoscope 10' may 
include known positioning structure for navigating the endo 
Scope 10' and a treatment instrument through the tortuous 
pathways of a patient's internal body portion. For example, 
endoscope 10' may include pull wires for effectuating deflec 
tion during positioning and an elevator device for altering the 
angle at which a treatment instrument exits the endoscope 10'. 
0037. The proximal portion 26 of endoscope 10' includes 
a central lumen 28 within the endoscope 10", which extends 
from the proximal end of the endoscope 10' and terminates at 
the distal end of proximal portion 26. Rotating portion 24 
includes a lumen 30 that connects with central lumen 28 of 
proximal portion 26. Lumen 30 extends distally within rotat 
ing portion 24 and curves to extend laterally, terminating at a 
side facing operation window 32. As seen in FIG. 2, operation 
window 32 is disposed along an exterior side Surface of rotat 
ing portion 24. While FIG. 2 illustrates a side facing operation 
window 32, embodiments of the invention include both 
oblique/intermediate angled windows and a front/forward 
facing embodiment where lumen 30 extends distally to a 
position offset from the center of the endoscope. 
0038 Lumens 28 and 30 of endoscope 10' are configured 
to receive visualization components, such as, for example, 
known endoscopic imaging elements comprising illumina 
tion devices and fiber optic viewing elements for the transfer 
of images to the proximal end of the endoscope as known in 
the art. A portion of lumens 28 and 30 may further comprise 
an endoscopic working channel for receiving and guiding a 
treatment instrument therethrough. In Such embodiments, 
joint 22 will include a hole 29 that connects lumens 28 and 30 
during positioning of endoscope 10' and rotation of rotating 
portion 24 relative to proximal portion 26. In addition, a 
portion of operation window 32 can include a working chan 
nel exit port (see item 56 of FIGS. 6A-6B) through which a 
treatment instrument is extended during a medical procedure. 
0039. In some embodiments, the treatment instrument 
delivered through this endoscope could be designed for 
increased flexibility of rotation at a distal end portion, thereby 
accommodating rotation of the rotating portion 24 of the 
endoscope 10'. For example, a distal end portion of a treat 
ment instrument could be provided with a rotatable or twist 
able component. 
0040. As seen in FIGS. 2, 4, and 5, proximal portion 26 
includes a rotation component lumen34 that extends distally 
to communicate with a rotation component cavity 36 within 
rotating portion 24. Just as joint 22 includes a hole 29 con 
necting lumens 28 and 30, joint 22 also includes an aperture 
(not shown) connecting lumen 34 and cavity 36. Rotation 
component cavity 36 extends distally within rotating portion 
24 leading to a force transfer region 38. 
0041. A torque transfer element, such as, for example, 
flexible drive shaft 40 is provided within the rotation compo 
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nent lumen 34 and extends distally through cavity 36 termi 
nating at force transfer region38. The proximal end of drive 
shaft 40 is connected to any known type of positioning control 
mechanism at a handle at the proximal end of endoscope 10' 
to effectuate rotation of flexible drive shaft 40. 

0042 FIG. 3 illustrates one example of components for a 
torque transferring mechanism for endoscope 10'. In the 
example of FIG. 3, the force transferring mechanism com 
prises a spur gear arrangement. The arrangement includes a 
gear pair comprising a larger gear 42 having internal teeth 44 
and a pinion 46 with external teeth 48 connected to the distal 
end of the flexible drive shaft 40. External teeth 48 of pinion 
46 mesh with internal teeth 44 of gear 42 such that when 
torque is applied to flexible drive shaft 40, rotary motion is 
transferred to outer larger gear 42. When integrated within the 
endoscope system 10", the external Surface of gear 42 may 
form part of the external surface of the outer flexible tube 12 
of endoscope 10'. Alternatively, gear 42 may be embedded 
within tube 12'. Since gear 42 is integrated with rotating 
portion 24, torque applied to the flexible drive shaft 40 within 
rotation component lumen 34 effectuates rotation of rotating 
portion 24 relative to proximal portion 26. Therefore, rotation 
of flexible drive shaft 40 effectuates rotation of rotating por 
tion 24 about the longitudinal axis of flexible tube 12'. 
0043. Since lumens 28 and 30 of endoscope 10' are con 
figured to receive visualization components and at least one 
treatment instrument therein, complete rotation of rotating 
portion 24 could hinder the proper operation of those com 
ponents. For example, multiple rotations of rotating portion 
24 about the longitudinal axis of tube 12 could damage the 
internal components due to tangling of the elongated compo 
nents and extreme amounts of torsion within the components 
housed in lumens 28 and 30. In order to avoid those possible 
consequences of excessive turning, permitting rotation in an 
amountless than a full 360 degrees is preferred. Accordingly, 
certain structure could be provided within the internal com 
ponents of endoscope 10' in order to prevent rotation beyond 
a particular predetermined angular threshold. 
0044 FIGS. 4 and 5 illustrate one example of an arrange 
ment of internal endoscope components for preventing exces 
sive rotation of rotating portion 24. FIG. 4 represents a cross 
sectional view of endoscope 10' taken along line 4-4 in FIG. 
2. As seen in FIG. 4, the cross-section of rotating portion 24 
depicts a portion of lumen 30 coaxially disposed therein. 
Rotation component cavity 36 is provided to form an arc 
shape within rotating portion 24. FIG. 4 also depicts the 
cross-section of flexible drive shaft 40, which extends 
through the cavity 36. FIG. 5 by contrast, depicts a cross 
sectional view of endoscope 10' taken along line 5-5 in FIG. 
2. FIG. 5 illustrates a portion of central lumen 28, coaxially 
disposed within proximal portion 26 of the endoscope 10'. In 
addition, FIG.5 further depicts rotation component lumen34, 
which houses flexible drive shaft 40 therein. 
0045 Arc shaped rotation component cavity 36 is formed 
to exhibit a constant radius of curvature. Therefore, every 
point along the arc shaped rotation component cavity 36 is 
equidistant from the center of tube 12" of endoscope 10'. 
Accordingly, when the flexible drive shaft 40 is rotated, first 
and second ends 52 and 54 of arc shaped rotation component 
cavity 36 provide a boundary limiting the extent to which 
rotating portion 24 is permitted to rotate relative to proximal 
portion 26. In order to prevent an excessive torque transmis 
sion or excessive torsion stored along the flexible drive shaft 
10", markers, or any other type of indicia, can be provided at 
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the positioning control mechanism to depict the allowable 
limits of rotation. FIG. 4 shows an exemplary angular rotation 
of 180 degrees. Other predetermined angular rotations per 
mitted by cavity 36 are within the scope of the invention. 
0046. With reference to FIGS. 6A and 6B, rotation of 
rotating portion 24 is illustrated. FIG. 6A depicts rotating 
portion 24 including side facing operation window 32 and a 
working channel exit port 56 through which a treatment 
instrument 60 is extended. FIG. 6A also illustrates an illumi 
nation window 57 and a visualization window 58 for viewing 
an internal treatment site during a medical procedure as used 
in known endoscope devices. With reference to FIG. 6B, 
through actuation of flexible drive shaft 40, rotating portion 
24 is rotated through a particular angle about the longitudinal 
axis of flexible outer tube 12'. Through this rotation, the 
angular orientation of exit port 56 can be precisely controlled. 
Accordingly, in the rotated view of FIG. 6B, neither operation 
window 32 nor exit port 56 are seen. This manipulation of 
rotating portion 24 and exit port 56 is advantageous in that 
precise angular rotation of exit port 56 is achieved without the 
unnecessary tissue trauma that may result from repeated 
manipulation and rotation of an entire endoscope within a 
patient's body portion. In addition, the arrangement of joint 
22 facilitates the free rotation of portion 24 relative to proxi 
mal portion 26. Accordingly, inefficient torque transfer and 
buildup of torsion along the endoscope 10' is avoided. In prior 
endoscope arrangements where rotation of the distal portion 
is effected through rotation of the entire device, improper 
transfer of torque from the proximal end to the distal end can 
lead to an unwinding, or whipping, of the distal end during 
placement of the endoscope. Such problems are avoided by 
the rotation afforded by the present system. 
0047. Other mechanisms may be used for rotating portion 
24 relative to portion 26. For example, a planetary gear sys 
tem can be used to permit relative rotation of two endoscope 
portions. FIG. 7, for example, depicts a cross-sectional view 
of a joint 22' including a planetary gear arrangement 90. Joint 
22' is configured for use in any endoscope arrangement 
including a rotating portion 24 and a proximal portion 26, 
where rotation of a rotating portion 24 relative to a proximal 
portion 26 is desired (as depicted in FIGS. 6A-6B, for 
example). For example, an external surface 100 of joint 22 
can comprise the external exposed surface of a portion of the 
underlying endoscope. More, particularly, the external Sur 
face 100 can be integral with, or otherwise united with, a 
rotating portion 24, such that rotation of external surface 100 
relative to the proximal portion 26, results in rotation of 
rotating portion 24 relative to proximal portion 26. 
0048. In one embodiment, a central portion of the plan 
etary gear arrangement 90 includes a central aperture 29 
connecting lumens 28 and 30, as described above, during 
positioning of an endoscope and rotation of rotating portion 
24 relative to proximal portion 26, for example. Accordingly, 
visualization components and at least one treatment instru 
ment extend through aperture 29' when used in a system 
comprised of joint 22. 
0049. With reference to FIG. 7, the planetary gear system 
includes a central cog-wheel, called the Sun gear 92 having 
external sun gear teeth93. The central aperture 29", described 
above, extends through sun gear 92. The sun gear 92 is sur 
rounded by one or more planet gears 94. Each of the planet 
gears 94 include planet gear teeth 95 that engage Sun gear 
teeth93. The planet gears 94 also engage internal teeth 96 of 
an external ring gear 97, also commonly referred to as an 
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annulus. A carrier 98 is coupled with the planet gears 93. For 
example, in FIG.7, two cylindrical prongs 99 of carrier 98 are 
coupled with each of the illustrated planet gears 93. The 
central aperture 29' extends through carrier 98 just as it 
extends through Sun gear 92. 
0050. In the planetary gear system 90, rotation is transmit 
ted from one element to another in the gear network by 
grounding, also called locking, one element (i.e. either the 
sun gear 93, the ring gear 97, or the carrier 98) to a stationary 
component of structure. In an endoscope that includes joint 
22 for effectuating rotation of a rotating portion 24 relative to 
a proximal portion 26, the locked component of planetary 
gear system 90 will be connected, or otherwise held station 
ary relative to, the proximal portion 26 of the underlying 
endoscope. 
0051. In one embodiment, carrier 98 is grounded by virtue 
of connection to a proximal portion 26 of the underlying 
endoscope. As such, carrier 98 will not rotate relative to the 
proximal portion 26. In Such an arrangement, rotation of 
rotating portion 24 can be effectuated through rotation of Sun 
gear 92 relative to carrier 98. For example, due to the engage 
ment of gear teeth 93.95, and 96, rotation of sun gear 92 in a 
first direction results in concurrent rotation of the planetgears 
94 and, in turn, ring gear 97, in a second rotational direction 
opposite the first direction. 
0052 Rotation of sun gear 93 relative to carrier 98 can be 
effectuated through any known torque transfer element. For 
example, a hollow, flexible drive shaft (not shown) can be 
provided within the proximal portion 26 of the underlying 
endoscope. The proximal end of the drive shaft is then con 
nected to any known type of positioning control mechanism 
at a handle at the proximal end of the underlying endoscope. 
Accordingly, in Such an arrangement a user can control rota 
tion of rotating portion 24 through actuation of a positioning 
mechanism that in turn results in rotation of Sun gear 92. 
0053. In another embodiment, sun gear 92 is grounded by 
virtue of connection to a proximal portion 26 of the underly 
ing endoscope. As such, Sun gear 92 will not rotate relative to 
the proximal portion 26. In such an arrangement, rotation of 
rotating portion 24 can be effectuated through rotation of 
carrier 98 relative to sun gear 92. For example, due to the 
engagement of gear teeth93, 95, and 96, rotation of carrier 98 
in a first direction results in rotation of planet gears 94 about 
the locked sun gear 92. The movement and rotation of planet 
gears 94 also results in rotation of ring gear 97 in the same 
direction as carrier 98. 
0054 Just as described above with regard to an arrange 
ment where sun gear 92 is rotated, rotation of carrier 98 can be 
effectuated through any known torque transfer element. For 
example, a hollow, flexible drive shaft (not shown) can be 
provided within the proximal portion 26 of the underlying 
endoscope. The proximal end of the drive shaft is then con 
nected to any known type of positioning control mechanism 
at a handle at the proximal end of the underlying endoscope. 
Accordingly, in Such an arrangement, a user can control rota 
tion of rotating portion 24 through actuation of a positioning 
mechanism that in turn results in rotation of carrier 98. 
0055 FIGS. 8A-8C depict another example of a mecha 
nism for rotating a rotating endoscope portion relative to a 
proximal portion. For example, a complementary pin and 
helical groove arrangement can be used to permit relative 
rotation of two endoscope portions. FIG. 8A depicts a par 
tially exploded isometric view of two endoscope portions 24 
and 26 respectively. Item 24" depicts a distal rotating portion 
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of an underlying endoscope. Just as in the embodiment of 
FIGS. 6A-6B, rotating portion 24" may include an operation 
window 32 including a working channel exit port 56'. A 
proximal portion of rotating portion 24' includes a reduced 
diameter portion 102. The reduced diameter portion 102 may 
also include an engagement pin 104 outwardly radially 
extending therefrom. 
0056. Item 26' depicts a flexible proximal endoscope por 
tion 26'. Proximal portion 26' can be hollow and configured 
for rotationally receiving the reduced diameter portion 102 
within a distal portion thereof. As seen in FIGS. 8A-8C, an 
internal Surface of proximal portion 26' may include an inter 
nal helical groove 106 extending therein. In a final configu 
ration, the rotating portion 24 is received within the proximal 
portion in a fluid tight manner, but one that still allows rota 
tion of rotating portion 24' relative to proximal portion 26'. A 
fluid tight arrangement can be provided through the use of 
sealing projections (not shown) along reduced diameter por 
tion 102, or within the hollow proximal portion 26'. Addition 
ally, or alternatively, a fluid tightarrangement can be provided 
through the use of a gasket or o-ring element. 
0057 FIG.8B is a side view of an endoscope arrangement 
depicting rotating portion 24' united with proximal portion 
26'. For purposes of clarity, the internal helical groove 106 of 
proximal portion 26' is depicted in FIG. 8B. The helical 
groove 106 extends proximally within proximal portion 26, 
transitioning into a linear groove 108. Initially, prior to rota 
tion of rotating portion 24', engagement pin 104 of rotating 
portion 24' is seated within and operatively engaged within 
the linear groove 108 of the proximal portion 26'. In one 
arrangement, the very proximal end of the groove 108 termi 
nates in a reduced size engagement section 109. Prior to 
rotation of rotating portion 24', the engagement pin 104 is 
releasably seated at the proximal end of linear groove 108 
within the terminal engagement section 109. 
0058. The relation between the engagement pin 104 and 
engagement section 109 may be such that the pin 104 is 
selectively or otherwise releasable from, and in certain 
embodiments re-engagable with, the engagement section 
109. The engagement between pin 104 and engagement sec 
tion 109 may be achieved, for example, by a male/female 
connection in which a portion of pin 104 is inserted and 
received within the engagement section 109, which is of a 
reduced size configured to releasably receive the pin 104 by 
virtue of an interference fit. The engagement may be realized, 
for example, by a ball and socket type connection, afriction fit 
engagement, a screw-like configuration or any other releas 
able engagement mechanisms known to one having ordinary 
skill in the art. 

0059 Rotation of rotating portion 24' can be effectuated 
through controlled movement of engagement pin 104 within 
both linear groove 108 and helical groove 106. To initiate 
rotation, the rotating portion 24 must be moved relative to the 
proximal portion 26' with an initial forward displacement 
force of a magnitude great enough to overcome the force with 
which engagement section 109 holds pin 104. Rotating por 
tion 24' can be displaced relative to the proximal portion 26' 
with any known force transfer element. Examples of suitable 
force transfer elements include, but are not limited to, push 
wires, stylets, cam drivers, stepper motors, a pull wire 
arrangement where a pulley type system changes a proximal 
pulling force into a distally directed one, and/or piezoelectric 
transducers provided within the proximal portion 26 of the 
underlying endoscope. When rotation of rotating portion 24 
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is desired, an operator can first linearly displace rotating 
portion 24' relative to proximal portion 26' Such that engage 
ment pin 104 moves along linear groove 108 and into the 
helical groove 106. 
0060. As seen in FIG. 8C, once rotating portion 24' is 
forwardly displaced such that engagement pin 104 enters 
helical groove 106, continued linear displacement results in 
rotation of rotating portion 24' relative to proximal portion 
26'. FIG. 8C depicts the continued forward displacement of 
portion 24' resulting in controlled rotation of rotating portion 
24' relative to proximal portion 26'. As seen in FIG. 8C, 
controlled forward displacement of engagement pin 104 
results in rotation of rotating portion 24', including operation 
window 32. Through the use of a force transfer element as 
described above, the rotating portion 24' can also be returned 
to the initial configuration where engagement pin 104 is re 
engaged with engagement section 109. 
0061 While an arrangement comprised of an engagement 
pin 104 and helical groove 106 is described for effectuating 
rotation of rotating portion 24', other configurations are con 
templated. For example, a dovetail protrusion and comple 
mentary groove could also be used. Furthermore, the helical 
groove 106 and pin 104 could be reversed such that a pin 104, 
or other protrusion, is formed on an interior of proximal 
portion 26' and with a helical groove formed on the reduced 
diameter portion 102 of rotating portion 24'. 
0062. In an alternative arrangement, the location of groove 
106 and engagement pin 104 can be reversed. For example, 
helical groove 106 could be provided along an exterior Sur 
face of reduced diameter portion 102 of rotating portion 24 
and engagement pin 104 could be provided along an internal 
Surface of proximal portion 26'. In addition, the rotating por 
tion 24' and proximal portion 26 could be connected and 
rotatable relative to each other through any type of mating 
thread arrangement. 
0063. In the particular embodiments of FIGS. 7-8C, rota 
tion of one endoscope portion relative to another can be 
achieved in a range even greater that 360 degrees, for 
example. The only limiting factor in Such configurations will 
be the extent to which internal visualization components and 
treatment instruments can withstand, or be enabled for, con 
current rotation within internal endoscope lumens in order to 
resist winding and kinking due to excessive rotation. 
0064. In all embodiments, it is to be understood that the 
rotation of one endoscope portion relative to another should 
protected from contamination by structure providing a fluid 
tight arrangement. In addition, the rotation of one portion 
relative to another can be facilitated by virtue of any lubrica 
tion element and or friction reducing structure. For example, 
a particular lubricious coating can be provided along the 
Surfaces where repeated engagement or moving parts takes 
place. 
0065 FIG. 9 illustrates the positioning of an endoscope 
10' and treatment device 60 within a patient’s body portion. In 
particular, FIG.9 depicts the extension of a treatment instru 
ment 60 within a particular bile duct 80 during an ERCP 
procedure. As seen in FIG.9, the endoscope 10", for example, 
is inserted and extended through a patient's stomach 82 Such 
that the distal end and exit port 56 (not shown) of endoscope 
10' are positioned is close relation to a particular bile duct 80 
leading to, for example, gallbladder 84. As seen in FIG. 9. 
treatment instrument 60 is extended beyond an internal work 
ing channel of endoscope 10'. The angular direction at which 
treatment instrument 60 extends from endoscope 10" can then 
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be altered, for example, by controlled rotation of rotating 
portion 24 relative to proximal portion 26 of endoscope 10'. 
Accordingly, rotation of portion 24 relative to the rest of 
endoscope 10' repositions the orientation of treatment instru 
ment 60 without requiring rotation of the entire underlying 
endoscope 10'. Depending on the particular configuration of 
the underlying system, rotation of one endoscope portion 
relative to another can be up to 360 degrees in some embodi 
ment (such as, for example, the embodiments of FIGS. 7 and 
8A-8C). In other embodiments, excessive rotation is unnec 
essary. For example, in some embodiments rotation is only 
necessary, and the underlying structure can therefore be lim 
ited to, within a range of about 0-10 degrees, 0-20 degrees, or 
0-30 degrees. 
0066. During a medical procedure, the exit port 56 along 
the distal portion of endoscope 10" can be repeatedly reposi 
tioned at different longitudinal locations within a patient’s 
body. Treatment instrument 60 can then be deployed at each 
different location and precisely positioned to access a desired 
treatment site at that location. Angular adjustment of the 
orientation of treatment instrument 60 as it extends from 
endoscope 10' at consecutive treatment locations can reduce 
internal tissue trauma resulting from repeated rotation of an 
entire endoscope during a treatment procedure. Furthermore, 
precise manipulation of a treatment device 60 can result in 
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shortened treatment procedures by reducing the amount of 
time necessary to effectuate proper position of the treatment 
device 60. 
0067. In addition to the above-described medical device 
rotation mechanisms, the incorporation of additional posi 
tioning mechanisms, including various positioning controls 
to effectuate bending of the flexible outer tube 12 during a 
medical procedure, are within the scope of this invention. 
Other embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and 
practice of the invention disclosed herein. It is intended that 
the specification and examples be considered as exemplary 
only, with a true scope and spirit of the invention being 
indicated by the following claims. 

1. A medical device comprising: 
an elongated flexible tube defining a longitudinal axis and 

including a proximal portion and a distal portion con 
nected to the proximal portion by a joint; 

wherein the flexible tube defines a lumen extending 
through the proximal portion and the distal portion and 
leading to an opening at a distal end of the flexible tube: 
and wherein the distal portion rotates relative to the 
proximal portion. 

2-52. (canceled) 


